Abstract: Increasing human activity affects urban ecosystem, including soils. The objective of the study were examine the content of lead, cadmium, copper, zinc, and manganese in soils of city parks and green areas from Bydgoszcz agglomeration, north Poland, estimate their forms and mobility, characterize distribution within soil profile, and estimate their origin -anthropogenic or natural. Three green areas from the older part of the city were selected for the study. Multistep sequential extraction method was conducted for the separation of seven metal fractions. It is concluded that soil studied were contaminated mainly by zinc and lead. These metals exist mainly in relatively non mobile forms i.e. associated with amorphous and crystalline iron oxides and with soil organic matter. The distribution within soil depth varied due to the elution process and variation of mixed soil material and additives.
INTRODUCTION
Urban land differs in a number of aspects from the other environments. Soils in urban areas are highly modified and intensively managed. Anthropogenic disturbances involve soil profile changes, sealing, removal or addition of soil material and compaction (Poyat et al. 2007 ). The second type of changes arises from atmospheric deposition and input of contaminants in forms of solid particles (dusts rich in heavy metals), liquid or gaseous contaminations (acid rain, nitrogen and sulphur oxides) and other (Li et al. 2001 , Shi et al. 2008 ). The pollution is related to metallic aerosols from industry as well as combustion of fossil fuels and the impact of traffic (Bilos et al. 2001) . City green areas are usually treated with high doses of fertilizers and pest control chemicals. Such soils might be a source of human health hazard and can influence conditions of all living organisms, including plants. Soils in city parks and recreation areas have direct influence on health of inhabitants due to direct contact or as a suspended dust (Lee et al. 2006) . Furthermore, the accumulation of metals in soils may be the source of ground water pollution and may cause the contamination of water resources used for consumption (Lerner 1996 , Mohrlok, Schiedek 2007 . The toxic effect of trace elements accumulated in soils and the risk of water pollution are related to form and mobility of metals.
Metals in soils are present in several different phases which differ in their solubility, mobility and bioavailability. It is necessary to quantify forms of metals since their geochemical transport and mobility largely depend on their forms and association with soil components. The investigations focused on Pb, Cd, Cu and Zn due to their prevalence in urban environment. These elements are called urban agglomeration contaminants (Deboudt et al. 2004) . Furthermore, the content of manganese was analysed since this metal distribution in soil could be the indicator of the disturbance of soil material due to its properties and mainly natural origin (Mielke et al. 2002) . The objectives of the study were to: (1) examine the content of lead, cadmium, copper, zinc and manganese in soils of city parks and green areas in Bydgoszcz agglomeration,(2) estimate their forms and mobility (3) characterize distribution with soil depth, and (4) estimate their origin (anthropogenic vs. natural).
MATERIALS AND METHODS
Bydgoszcz, a city with a population of 368.000 inhabitants, is impacted by numerous anthropogenic sources of metal emissions such as local industry, fossil fuel combustion plants and motor vehicle emissions. Three public green areas from the central part of Bydgoszcz city were selected for the study: Kazimierz Wielki Park, Botanical Garden and green area at Ber-nardyñska Street, in the close vicinity of roads with heavy traffic. Soils were sampled from 3 depths: 0-20, 40-60 and 90-110 cm. All sites are located in the inner, older parts of the city.
According to Polish Soil Classification (2011), studied soils were classified as Anthropogenic soils, mechanically transformed with artefacts, building debris and technique materials in profiles, increased content of heavy metals and modified pH (Urbizems chemically transformed).
Samples were air dried, and sieved through a 2 mm mesh sieve. Soil pH was measured in H 2 O and 1 M KCl solution using 1:2.5 w:v soil/solution ratio. Organic carbon was determined using Tyurin method by wet oxidation at 180°C with a mixture of potassium dichromate and sulfuric acid. The content of clay fraction (<0.002 mm) was measured according to BoycouseCassegrande method.
The concentrations of total metal contents in soils were determined after the digestion in a mixture of concentrated HF and HClO 4 (Crock and Severson 1980) . For the determination of the distribution of metals among physicochemical phases, selective sequential chemical extraction was used. Modified Miller et al. (1986) procedure was applied for the determination of metal fractions associated with soil components. The extraction was carried out progressively on an initial weight of 2.0 g of soil. The extractants and operationally defined chemical fractions of metals were as follow:
1. Fraction 1 (F1): exchangeable ions; soil extracted with 20 ml of 0.5 M Ca(NO 3 ) 2 at pH 7.0 for 2 hours with continuous agitation at room temperature; 2. Residual fraction of metal (fraction 7 -F7) was calculated as the difference from the total content and the sum of extractable fractions.
The concentration of Pb, Cd, Cu and Zn in solutions was determined by flame AAS technique, using SP 2900 spectrometer. The accuracy and precision of the analyses were assessed by the analyses of certificate reference material (Reference soil sample SO -4. Canada Centre for Mineral and Energy Technology). All extractions were done on duplicate samples from the same site, and the average results were used for further analysis. Correlation coefficients between investigated metals and soil properties were calculated based on the Statistica 12 software.
RESULTS AND DISCUSSION
The soils analysed differed in organic carbon content which varied in the ranges 11.8-45.6 g⋅kg -1 and 0.5-13.4 g⋅kg -1 in the surface and in the deeper layers, respectively (Table 1 ). Other authors (Oktaba et al. 2014 ) also reported that urban soils contain high amounts of organic matter. Contents of clay fraction were in the range 4-68% (Table 1 ). The amount of clay fraction indicate significant discontinuities in 3 pits from Botanical garden (sites D, E and F). It is confirmed by the differentiation of Mn content in these sites. This might be caused by the replacement of natural soil by material coming from other places. The levelling of the terrain and the creation of lawns is often accompanied by the partial removal of the original soil material (natural soil) and formation of specific urban soil.
Cation exchange capacity, related to the soils composition is rather low ranging from 16.0 to 57.2 mmol⋅kg -1 (Table 1) .
Total metal concentrations in soil samples are shown in Table 2 . Of all metals studied, cadmium has the lowest concentrations and the amounts (0.3-1.2 mg⋅kg -1 ) do not differ much from one site to another. These results indicate that Cd present in soils must be mainly of lithogenic origin and is not much contributed by anthropogenic activities. For other metals, elevated metal concentrations were observed. Contents of the studied elements were in the range: 5.4-148.9 mg⋅kg -1 for Pb, 3.6-33.4 mg⋅kg -1 for Cu, 10.4-182.1 mg⋅kg -1 for Zn, and 18.5-468.0 mg⋅kg -1 for Mn. Other authors studying soils in city areas all over the world reported high concentrations of heavy metals, particularly lead, copper and zinc (Hursthouse et al. 2004 , Chen et al. 2005 , Shi et al. 2008 . With Pb and Zn concentrations in the range of 5.4-148.9 mg⋅kg -1 and 10.4-182.1 mg⋅kg -1 , respectively, the studied soils are only moderately contaminated compared to other soils affected by urban activities ( Madrid et al. 2006) .
One of the main sources of metals in big cities is the dust fall of different origin. Detailed study of the street dusts showed that particles contain metals such 75 Trace elements in soils of park areas from the city of Bydgoszcz as: zinc, copper and lead in relatively labile forms (Kalembkiewicz et al. 2014) .
According to the results of chemical analyses, concentrations of metals such as Pb, Cd, Zn and Cu in most of samples do not exceed acceptable limits of the abundance in the soils (Regulation of the Minister of the Environment, 2002). Only in two samples (21 and 26) concentration of lead slightly exceeded the limit.
The results of the study show that higher Pb, Cu and Zn concentrations occur mainly in top soils. In all the soil samples collected from 0-20 cm, 40-60 cm and 90-110 cm depths from 9 selected sites, total contents of Pb, Cu and Zn generally decrease with depth. The trend was particularly steep for zinc. For one site (G) the highest concentration of metals were detected in the deepest layer. Such metals distribution may indicate soil disturbance and different origin of soil material in this site. Numerous changes like excavation, water pipes installation and renovation lead to the disturbance of soil material (Mielke et al. 2002) . Total manganese content as the indicator of soil uniformity within the site suggests different origin of materials in the sites: B, D, F, and I.
The sequential extraction method allowed to explain the binding capacities of soil components and forms of metals in studied soils. Non residual metal phases are most critical from toxicity perspective but also nutrition, since these are most likely to be available. The results indicate that the amounts of easily available metals are low, except for zinc which occurs in labile forms: exchangeable (F1) and acid soluble (F2) fractions -on average 2 and 17% respectively (Fig. 1) .
Lead is mainly associated with soil organic matter (F4 up to 65.1%) similarly like Cu (F4 up to 55.6%). Moreover, lead is strongly retained on iron oxides and hydrooxides (F5 and F6) and the amount of this element adsorbed by these components is larger by an order of magnitude compared to the amount associated with manganese oxides (F3). Soil organic matter plays very significant role in binding of lead, copper and zinc (F4). After the removal of organic matter the capacity of soil to retain metals decreases abruptly (Ladonin and Karpukhin 2008) . Metals specifically adsorbed and bound to carbonates (F2) are not significant and for the majority of samples are below the detection limit. In our study we found that there is significant statistical correlation between the total Zn content and Corg (0.752; p<0.05) and significant correlation between Zn in F4 and Corg (0.718; p<0.05) as well as between Pb in F4 and Corg (0.383; p<0.05). Moreover, copper and zinc are associated with amorphous iron oxides (F5) and crystalline iron oxides (F6).
The relative bioavailability (based on F1 and F2) decreases in the order: Zn>Pb>Cu. No accumulation of cadmium was observed in studied park soils. 
CONCLUSIONS
Based on the results obtained it was concluded that currently soils in studied city parks in Bydgoszcz are not heavily contaminated with lead, copper and zinc. Generally, the amounts of metals are elevated but do not exceed acceptable levels (Regulation of the Minister of the Environment, 2002). Cadmium content is close to the geochemical background.
Chemical sequential analysis showed that metals occur in different, mostly low bioavailable fractions, except for zinc which mainly forms labile fractions: exchangeable, specifically adsorbed and associated with organic matter.
However, it should be stressed that studied soils are vulnerable to contamination due to their texture and should be constantly monitored. Monitoring is recommended also because metal contents in the urban soils tend to increase.
